Background: Abnormalities of spermatogenesis are associated with numerous diseases and aging. The objective of this study was to investigate the impact of hypothyroidism on human spermatogenesis and different sperm function tests. Methods: Twenty-five hypothyroid men and 15 normal individuals were investigated. Semen analysis, fructose and acid phosphatase measurements, teratozoospermia index (TZI), and acridine orange test were determined before and 6-9 months after the initiation of treatment with levothyroxine. Results: Morphology is the only sperm parameter that differs significantly between hypothyroid patients and controls ( p < 0.0001). After treatment, morphology improved significantly ( p < 0.001). Motility was also decreased before treatment in comparison with controls, and improved after treatment. However, the difference was not significant. TZI correlated with free thyroxine. Conclusions: Hypothyroidism has an adverse effect on human spermatogenesis. Morphology is the only sperm parameter that is significantly affected. Motility may also be affected, but further studies regarding this are needed. Screening for thyroid dysfunction in males who present with a defect in spermatogenesis is strongly recommended, and if hypothyroidism is noted, the response to thyroid hormone should be evaluated before initiating other treatments.
Introduction
H yper-and hypothyroidism are the main thyroid diseases that may have an adverse effect on male reproduction. While the effects of those two entities on female gonadal function are well established (1) (2) (3) (4) (5) , a few uncontrolled studies with controversial results exist regarding the impact of these diseases on male reproductive function. There are mainly two reasons for this: (a) thyroid diseases are more common in females than in males, and (b) signs and symptoms related to male gonadal function might be obscured by the systemic effects of hypothyroidism.
Recently, it has been reported that hypothyroidism in males is associated with erectile dysfunction and that treatment of thyroid dysfunction restores erectile function (6) .
The aim of this controlled, prospective study was to investigate the effect of hypothyroidism on sperm quality and composition, and also on different sperm parameters such as fructose (FR), acid phosphatase, teratozoospermia index (TZI), and acridine orange test (AOT) in hypothyroid male patients before and after attainment of euthyroidism. Similar data, to the best of our knowledge, have not been published previously.
Materials and Methods

Patients
Thirty-five male patients (mean age 44.1 AE 13.7, range 18-65 years), all attending the thyroid outpatient clinic of Panagia General Hospital (Thessaloniki, Greece), were recruited for the study; 3 refused to participate, 4 did not attend the final appointment, and 3 did not produce sperm at their initial visit, making the total number 25. Twenty of those were married with children, one married without children, and four unmarried. None of the patients had any serious illnesses in the past year nor were taking any medication on a permanent basis. Eleven out of 25 were smokers ($20 cigarettes daily), and all had normal alcohol consumption. Moreover, no patient had any known fertility problem, and semen analysis was performed in all patients for the first time. Free testosterone (FTesto) and prolactin (PRL) were normal in all patients and controls. All patients were clinically hypothyroid, and measurements of serum thyrotropin (TSH) and free thyroxine (FT 4 ) were consistent with primary hypothyroidism. FT 4 and TSH were measured by radioimmunoassay (RIA) using standard commercial RIA kits (Brahms, Henningsdorf, Germany). Normal range for FT 4 is 7-18 pg=mL, and that for TSH is 0.3-4.0 mU=L. Interassay variation for FT 4 and TSH was 3.6% and 4.3%, respectively. FTesto and PRL were measured by commercial RIA kits (Biosource [Fleurus, Belgium] and Immunotech [Prague, Czech Republic], respectively). The normal range for FTesto is 8.7-54.7 pg=mL, and that for PRL is 60-400 IU=mL. Interassay variation for FTesto and PRL was 4.7% and 5.1%, respectively. Written informed consent was obtained from all patients and control individuals for their participation. The study was approved by the hospital ethics committee and was performed in accordance with the principles of the declaration of Helsinki.
Immediately after the diagnosis of hypothyroidism, semen analysis was performed on all patients after 3-5 days of abstinence from sexual activity. Nineteen patients produced sperm with their first attempt; six with their second. After the semen examination, the patients were put on levothyroxine treatment. About 3 months after the initiation of treatment with levothyroxine, the patients were euthyroid and TSH and FT 4 were normalized. Fifteen normal individuals without any systemic disease, aged 20-65 years (mean age 41.8 AE 12.3, range 20-65 years), most of who were hospital employees and had previously fathered children, except one who was unmarried, were used as controls. Six out of 15 were smokers ($20 cigarettes daily), and all had normal alcohol consumption. In 16 patients and in all the controls, TZI and AOT were also measured.
Six to 9 months after the initiation of treatment with levothyroxine, the patients were asked to have another sperm examination under the same conditions, and the same parameters were measured. Further, blood was taken after an overnight fast at 8:00 A.M. for FT 4 and TSH measurements. Six out of 15 control individuals also had another sperm examination under the same conditions approximately 1 year after the first one. All the results are presented in Table 1 .
Semen analysis
Immediately after the diagnosis of hypothyroidism, semen analysis was performed in all patients after 3-5 days of abstinence from sexual activity. Semen analysis was performed according to the World Health Organization (WHO) guidelines (7). After evaluation of liquefaction and measurement of the pH, viscosity, and volume, sperm concentration was determined with a hemocytometer (Thoma pipette, Assistent Ò , Sondheim=Rhoen, Germany). For morphology evaluation, prestained slides were smeared with a small volume of semen and allowed to air dry (Testsimplets; Roche Diagnostics, Mannheim, Germany). Sperm morphology was determined using Kruger's strict criteria (8) . Motility was calculated as percentage of motile sperm by evaluating 200 sperm per sample 60 minutes after semen collection. Semen was classified according to the WHO nomenclature as normozoospermic or pathozoospermic; the latter was further differentiated into oligozoospermia, asthenozoospermia, and teratozoospermia. Results were considered normal when (a) the semen volume was greater than 2 mL, (b) sperm concentration was greater than 20Â10 6 mL, (c) there was more than 25% rapid forward progressive motility, and (d) there was more than 15% spermatozoa normal in morphology (7).
Biochemical tests in semen
There are various biochemical markers of accessory gland function. Fructose is a marker for the seminal vesicles, while acid phosphatase has been used as a marker for the secretory activity of the prostate gland. Fructose was measured by Richterich method (9) . Normal level of fructose is >13 mmol per ejaculate. Measurement of acid phosphatase was based on the use of p-nitro-phenylphosphate as a substrate (10) . Normal value is $ 200 U per ejaculate.
Teratozoospermia index (TZI)
Morphologically abnormal spermatozoa often have multiple defects. When the number of recorded defects is divided by the number of defective spermatozoa, we have the measure called the TZI or multiple anomalies index, which expresses the number of defects present per spermatozoon. The TZI values should read between 1.00 (each abnormal spermatozoon has only one defect) and 3.00 (each abnormal spematozoon has head, midpiece, and tail defects). Reports have suggested that a TZI of more than 1.6 is associated with lower pregnancy rates in infertile couples (11). 
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Acridine orange test (AOT)
AOT was used to distinguish between spermatozoa with native DNA (green fluorescence) and single-stranded DNA (orange-red fluorescence) as a marker for abnormal chromatin condensation. Aliquots of 10 mL volume were spread over a clean microscope slides and allowed to air dry. The slides were fixed in Carnoy's solution (1:3 glacial acetic acid=absolute methanols) for 2 hours. Slides were then stained in AO (CI 46005; Sigma Chemical, St Louis, MO) at 2.5 pH for 5 minutes at room temperature in the dark in an aluminium foil-covered 500-mL glass container. After staining, the slides were gently rinsed with deionized water, mounted using phenylenediamine mounting medium, and examined under a fluorescence microscope (Leitz, Oberkochen, Germany) equipped with a 490-nm excitation filter and 530-nm barrier. About 200 spermatozoa from each slide were assessed in 10 individual fields for the presence of orange-red fluorescence. Sperm with normal condensed DNA revealed a distinct green fluorescent color, whereas sperm heads displaying a fluorescent spectrum varying from yellow-green to red were considered as denatured (12) .
Statistical analysis
All data were analyzed using the statistical package SPSS (version 12.0; SPSS Inc., Chicago, IL). All results are reported as median and range. The Mann-Whitney test was used for comparisons between groups. The Wilcoxon Signed rank test was used to test the effect of therapy on sperm analysis parameters. Associations between the studied parameters were explored using Spearman's rank order correlation coefficient. In all cases, a two-tailed p-value less than 0.05 was considered significant.
Results
Nine (36%) of the hypothyroid patients had normal morphology spermatozoa that was significantly less ( p < 0.0001) than controls [14 (93%)] (Fig. 1) . After thyroid hormone treatment 19 (76%) of the hypothyroid patients had spermatozoa normal in morphology ( p < 0.001) when compared with pretreatment findings (Fig. 1) . No difference was found between posttreatment findings and controls. There was a tendency for motility to be improved after treatment (25% to 35%), but this finding was not significant. We also found that TZI correlated significantly with FT 4 levels at baseline (r ¼ À 0.49, p < 0.01) (Fig. 2) . Fructose correlated significantly with motility at baseline in controls (r ¼ 0.79, p < 0.001). Regarding controls, no significant difference was found in morphology (27% vs. 29%) and motility (31% vs. 30%) between the first sample and second sample in the six individuals investigated.
Discussion
The role of thyroid hormone in testicular development and function has received much attention because of the report that functional thyroid hormone receptors are present in high quantities in neonatal Sertoli cells (13) (14) (15) . These findings changed the classical view of the testis as a thyroid hormone unresponsive organ, suggesting that thyroid hormone could have direct effects on testis. The above data together with the reported high levels of expression of functional triiodothyro- nine receptors in proliferating Sertoli cells (16, 17) indicate that Sertoli cells are a major testicular target for thyroid hormone. It appears that thyroid hormone acts directly on Sertoli cells to inhibit proliferation while stimulating differentiation, not only in rodents (18) (19) (20) but also in many other vertebrate species (21) (22) (23) (24) (25) . Although several factors are presumed to play a role in proliferation and maturation of Sertoli cells (26, 27) , triiodothyronine is likely to represent a major hormonal signal involved in the establishment of the adult Sertoli cell population. Moreover, Maran and Aruldhas (28) found that hypothyroidism significantly reduced seminiferous tubule and lumen diameter in the Wistar rat. Control rats showed active spermatogenesis, whereas in hypothyroid rats, the proliferation and differentiation of germ cells were arrested and their number was decreased. The absolute weight of testes was decreased irrespective of age. The same was found for ventral prostate relative weight. They concluded that hypothyroidism adversely affects spermatogenesis.
Few studies have been published in humans reporting the effect of hypothyroidism on semen quality. In such patients attention usually is focused on other manifestations of the disease, and fertility status is frequently not evaluated. Griboff (29) A decrease in seminal volume, progressive forward motility, and cumulative percentage of mobile forms were observed compared with controls. Induction of hypothyroidism did not lead to seminal changes compared with the same patients during euthyroidism. They concluded that short-term postpubertal hypothyroidism does not cause seminal alterations sufficiently intense to impair male fertility. Jaya Kumar et al. (33) studied reproductive and endocrine function of eight males with primary hypothyroidism before and after treatment with levothyroxine. Semen analysis was performed in five out of eight patients, but these data were not presented, although the authors claimed that ''some improvement in sperm count and motility was observed.'' Abnormal sperm morphology in hypothyroid males, to the best of our knowledge, has not been published thus far, and could be explained by a direct effect of thyroid hormone on spermatogenesis (34) .
Another interesting finding of the present study is that TZI or multiple anomalies index was less than 1.6 in our hypothyroid patients. It has been shown that the best prognostic indicator of infertility is given by the percentage of motile sperm and the TZI, particularly in patients with primary infertility (11) . Because TZI is normal in our hypothyroid male patients, it could be suggested that fertility is not disturbed.
Finally, AOT was found to be normal in our hypothyroid patients, and no differences were found in comparisons with controls. AOT (12) is a technique that evaluates the degree of nuclear chromatin condensation. Acridine orange fluoresces green when it intercalates as a monomer into native DNA (double stranded) and red when it binds to denatured DNA (single stranded) as an aggregate. Acridine orange staining has been suggested as a screening test to evaluate DNA damage in human sperm and to predict fertilization rates (12) . It has been observed that men who ejaculate >50% green spermatozoa have significantly high fertilization ability in conventional IVF compared with that of immature cases (35) . Our hypothyroid patients ejaculated >50% green spermatozoa, a finding that is similar to the control individuals and suggests that no DNA damage in human sperm is produced by hypothyroidism.
The conclusion of this study is that hypothyroidism has an adverse effect on human spermatogenesis. Morphology is the main sperm parameter that is significantly affected. Motility also is affected, but at a nonsignificant level. Combining these results with those of previous studies that have shown that hyperthyroidism also produced abnormalities in seminal parameters, mainly sperm motility (36) , it could be concluded that thyroid dysfunction has an adverse effect on male spermatogenesis. Screening for hypothyroidism in men presenting with sperm abnormalities is strongly recommended, therefore. If hypothyroidism is noted, it should be treated before other treatment modalities are instituted unless there is an excellent rationale such as in patients with pituitary failure.
